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1.0 BACKGROUND

From November 1978 to January 1979 industrial hygienists of the Occupational
—

Safety and Health Administration (OSHA) conducted a general schedule

industrial hygiene survey at the 0. M. Scott and Sons Company fertilizer plant
near Marysville, Ohio (OSHA 1979). This plant used exfoliated (expanded)
Montana vermiculite as an inert carrier for herbicides and fertilizers. In
industrial hygiene samples collected in 1972, the company found airborne

fibers. The OSHA survey was to investigate four reported cases of bloody

pleural effusions in employees at the plant. No cause of the effusions was

cited by the investigators.

This is borne out in the following statement from the report:

Whether the pulmonary problems are being caused by the

vermiculite, another agent, or by low levels of asbestos

contaminating the vermiculite will need to be determined by

further studies in a timely manner (OSHA 1979).
As a consequence of this survey, the University of Cincinnati Institute for
Environmental Health did a cross sectional epidemiologic study to determine
the cause of the effusions (Lockey et al 1984). Five hundred thirteen (513)
employees were interviewed, given a limited physical exam and a complete

spirometry exam. Chest radiographs taken in the posteroanterior projection

were obtained for all employees.

Additionally, tremolite fiber exposure indices, expressed as fiber/ml-year,
were derived from available industrial hygiene data and work histories.

The estimated cumulative ve exposure for the work force ranged from 0.01 to
39 fibers/ml-year . After these estimates were made, the employees in the
plant were divided into three groups. One with limited or no exposure;

one with low exposure; and one with high exposure. Discriminate analysis

was performed on the questionnaire, physical examination, and





radiographic data. For all data, a significant association was found

between cumulative tremolite fiber exposure and dyspnea on exertion;

-_"""l-—._______

pleuritic chest pain, and pleural change on a chest radiograph.

The vermiculite exfoliated by 0. M. Scott was from the Libby, Montana mine of
W. R. Grace and Co. The mine is in the Rainy Creek Mining District and is in a
zoned-pyroxenite pluton which consists of a core of biotite mica in a mass of
biotite pyroxenite. The biotite in the pyroxenite has been altered to
vermiculite (Meisinger 1985). In addition to vermiculite the minerals quartz,
feldspar, apatite, corundum, chlorite, talc, and clay can be found in small

amounts.

The estimation of the proportion of amphibole fibers in the Libby,
Montana varies among investigators. McDonald et al (1986) suggest that

the vermiculite concentrate has between 4 and 6% fibers. Moatamed et al

i

—

(1986) have determined that unexfoliated concentrate has 2% fibers.

According to Atkinson et al (1982) the percentage of fibrous tremolite is

between 21 and 26 % in the raw ore at the head feed, while the

concentrate has between 2 and 6% fibers. Amandus et al (1987a) have

stated that W. R. Grace on the basis of their environmental sampling in

1984 say the fiber percentage in raw ore is between 3.5 and 6.4%. They

————

contend that the concentrate has between 0.4 and 1.0% fibers. According

_—

to Moatamed et al (1986) under low power microscope, unexfoliated Libby
ore consisted primarily of biotite mica and vermiculite in a regular
stratification of the two. The unexfoliated ore contained 2% amphiboles,
primarily ones from the tremolite-actinolite solid solution series with
some scattered anthophyllite. Exfoliated Libby concentrate had an

accordian-like structure with distinct layering. Under the Scanning





Electron Microscope (SEM) the mica plates were distinct. Fibers with
aspect ratios between eight to one (8:1) and twenty to one (20:1) were
seen at the surface and at plate edges. Additionally, acicular prismatic
cleavage fragments were seen. According to McDonald et al (1986) , Libby
fibers may be straight with uniform diameter; have a lat or needle

shape; show curvature; or be found intimately intermingled with mica
plates. Sixty-two percent (62%) of the Libby fibers are longer than 5
micrometers. The mineralogy of the Libby deposit is complex. There are
many asbestiform and massive amphiboles which are present. For instance,
some of the sodium-rich fibers could be classified as a

magnesio-riebeckite or a richterite as opposed to tremolite, actinolite,

or anthophyllite.

After the study of the O. M. Scott cohort, two independent epidemiologic
studies were initiated to describe the effect of exposure to amphibole
fibers of Libby, Montana vermiculite miners and millers. According to

McDonald et al (1986) there would be a "serious hazard from lung cancer,

>

pneumoconiosis, and mesothelioma" as a result of exposure to the fibrous

amphibole contaminant in the vermiculite ore. These exposures were
increased prior to 1974 because of the dusty conditions at the dry mill.
As a comparison, McDonald et al (1986) stated that the mortality in the
Libby cohort with regard to lung cancer and mesothelioma would be greater
than that experienced by chrysotile miners. They suggest that
mesothelioma is more likely after fibrous amphibole exposure because the
fibrils can be inhaled as larger, flexible fibers more easily that

chrysotile fibers.

The second epidemiologic study was conducted by Amandus et. al. (1987a) .





The cohort used in this study was comparable to McDonald's , but more members
were in it. As in McDonald's work, Amandus et. al. (1987a) conclude

that the pre-1974 exposures were very high. Amandus et al. (1987b) found a

significantly increased risk for non malignant respiratory disease and

lung cancer compared to the United States white population. During the 1‘ \55F\ A

course of the study, they found 2 cases of mesothelioma. Both cases had c£! <F<>
o
large estimated fiber exposures and spent more than 70% of their tenure & N/

e
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radiographs, Amandus et. al. (1987c¢) conclude: '}-(’ \\afr

in the dry mill. With regard to pulmonary changes which were seen on

An 8-hour TWA fiber exposure [to fibrous amphibole] of 0.1 fiber ‘ﬂ,p
per cubic centimeter over a working lifetime (about 50 years) is
not a conservative standard to prevent radiographic evidence of
small opacities.

2.0 THE VERMICULITE INDUSTRY
2.1 Vermiculite Mining
According to Jim Petrie of the United States Department of Labor
Mine Safety and Health Administration (MSHA) Division of Metal/Non
Metal Health in August, 1988, there are 7 mines which produce
vermiculite ore in the United States. Of these, 6 have mills, and
2 of these have exfoliation plants which are included with the
MSHA identification number (Tables 1 & 2). There are approximately
300 employees who work at these facilities in mining and

beneficiating ore (Meisinger 1985). Besides the W. R. Grace mine

in Montana, there are 5 in South Carolina, and 1 facility in
e e

—

Virginia. 2

—_—_——

The geology and mineralogy of the South Carolina and Virginia mines is
different than the Montana mine . While the Libby deposit is

a large intrusive mass of pyroxenite, the South Carolina deposit, also
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known as the Enoree District, and the Virginia deposit, or the Green Springs
e ————y R —
District, are found in metamorphic rocks such as amphibole schist in contact
————
with pyroxenite or peridotite. While the Libby deposit has biotite altered to
vermiculite down to a depth of at least 1,000 feet, the South Carolina and
Virginia deposits are altered only down to about 75 feet. Additionally the

mineable South Carolina and Virginia ore consists of pods or lenses as opposed

to the large open pit mine in Montana.

Because amphibole fibers were found in the Libby ore, vermiculite from South
Carolina and Virginia have been examined for the presence of fibers. In
November 1980 bulk samples were collected at the Patterson Vermiculite
facility and the Grace facility near Enoree, South Carolina (EPA 1985). All of

these samples had less than 1% mixed fibrous anthophyllite and tremolite-

actinolite. They had a range of less than 1% non-fibrous anthophyllite and
a;EI;;IIE;?tremolite in exfoliated Grace concentrates to a maximum of between
8 and 12% non-fibrous actinolite-tremolite and between 4 and 8% non-fibrous
anthophyllite in Patterson raw ore. Raw Grace ore had a maximum of between 6
to 9% non-fibrous tremolite-actinolite and 4 to 6% non-fibrous anthophyllite.
Virginia ore was not analyzed during this study because the mine was not open

until 1983.

According to Moatamed et. al. (1986) the Virginia ore has a low concentration
of actinolite and is mostly low aspect ratio cleavage fragments. Lockey et.
al. (1983) suggest that both South Carolina and Virginia have massive
tremolite which can assume 3:1 or greater aspect ratio cleavage fragments
during the milling of the ore. As they did with the Libby ore, Moatamed

et. al. (1986) examined exfoliated and unexfoliated Virginia ore. Once again

they saw vermiculite plates were interspaced vermiculite-biotite mixtures





under low magnification. There were trace amounts of fibrous amphiboles, but
not nearly as abundant as in the Libby ore. Under SEM, the unexfoliated ore
looked like Libby ore and they suggest that the rare, short fibrous structures
were most likely amphibole cleavage fragments. In the exfoliated sample, they

saw rare fibers, but not much else of concern.

In addition to the United States, the Republic of South Africa (RSA) also
produces vermiculite concentrate. The US and the RSA account for 90% of

the world's supply. Domestic imports, solely from South Africa, are less
than 10% of vermiculite used. Because of the controversy surrounding the
Libby ore, South African ore has been keenly scrutinized. Chatfield and Lewis
(1979) examined RSA ore from Palabora and found no amphibole fibers in

the vermiculite either between flakes or in associated fine dust. No
chrysotile was encountered either, but they saw scattered vermiculite
scrolls which could be mistaken for chrysotile. This observation refutes
earlier work by Mifsud et. al. (1977) who reported that they had found
chrysotile in Malawian vermiculite. It appears that they were looking at the
scrolled vermiculite. More recently Moatamed (1986) examined Palabora

ore and found rare scattered anthophyllite fibers with very low aspect
ratios. They saw the usual vermiculite and interspaced

biotite-vermiculite. They estimated about 0.4% fibrous amphiboles in the
samples they examined. The exfoliated ore looked the same as the Montana

and Virginia products. As in the Virginia exfoliated ore, no fibers were
seen. Under SEM the unexfoliated Palabora ore loocked the same as the
Virginia ore - with no fibers or cleavage fragments. The exfoliated ore

had rare, stubby fibers.





2.2 Vermiculite Exfoliation

Vermiculite is a valuable building material because it can be readily
exfoliated (expanded) upon heating to produce a light weight material
(Meisinger 1987). According to the same source, there are 41 exfoliation
plants in the United States in 28 states; 29 of them in 24 states are owned by
W. R. Grace (Tables 2 & 3). Vermiculite exfoliates because the water trapped
between the mica layers turns to steam and causes the vermiculite to exfoliate
a right angles to cleavage planes (AVA 1984). The ore is dropped continuously

in a controlled manner through a natural gas or oil fired vertical furnace for
between 4 and 8 seconds. The furnace flame is kept between 1,600°F (8700°C)

and 2,000°F (1090°C). With the exception of exfoliated Libby concentrates
which have about 0.6% fibers, the other vermiculites appear to fiber free upon
expansion (Moatamed et. al. 1986). Yet, according to their examination, 30% of
the fibers present in the unexfoliated concentrates persist in the exfoliated
products. Additionally, through analytical scanning-transmission electron
microscopy that fibrous actinolite can persist in exfoliated Libby vermiculite

since fibers were seen in the exfoliated product.

Exfoliated vermiculite has many uses. Loose fill vermiculite is an
excellent insulator for such things as in attics between joists; around
chimneys; around hot pipes and around water heaters and hot water tanks
(AVA 1984). Ground vermiculite can be used as a sound deafening aid in
plaster; in flame and condensation retardant paints; as an anti-spatter
compound in welding chemicals; and as a carrier and bulking agent in
animal feeds. It also has been used as a mold release agent in mold
washes used in foundries. Concrete with vermiculite can be used in roof

and floor screens. It has been used in mines to fireproof haulageways






and entries. It is added to plaster and renderings having a binder
fireproofing. It has been used in steel mills to insulate ingot molds,
ladles, and ingots themselves. Additionally, it can be used as a

fertilizer carrier and soil conditioner for horticulture and is used
extensively in green houses. It can be used to absorb chemical and

low level radiocactive wastes. Finally, vermiculite can be used as a swimming
pool base to give the pool bottom flexibility. A telephone survey was
conducted for this report to find companies which exfoliate or only distribute
vermiculite. In addition to 42 exfoliation plants (Table 3), 9 additional
distributors of vermiculite were identified (Table 4). These companies
probably represent a small proportion of domestic companies that use or

distribute expanded and unexpanded vermiculite.

3.0 ENVIRONMENTAL DATA

3.1 Data from the Mine Inspection Data Analysis Library (MIDAS)

The data for 314 dust samples collected by MSHA inspectors at 10 domestic
vermiculite facilities from 1975 to 1987 have been examined. Of the 10
facilities, 3 are exfoliation plants and according to the MSHA
Metal/Nonmetal Health Division in September 1988 are no longer inspected
by MSHA unless the exfoliation plant is a part of a mine/mill complex
(Table 2). Of the 314 samples collected, 116 (37%) were collected in

1979 and 1980 (Table 5). Eighty-one percent (81%) of these were

collected at either the W. R. Grace Zonolite Mine in Libby, Montana or

the W. R. Grace Kearney Mill in Enoree, South Carolina (Table 6). The
314 samples represent 7 different personal sample types (Table 5). Two //’//f
hundred twenty-three (223) or 71% being asbestos fiber samples for which

the fibers were greater than 5 micrometers long. Of these 223 samples, 5
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(2.24%) were greater than the TLV. These samples were collected in 1979
and 1980 at the W. R. Grace Libby mine, with only one of these being more
than twice the TLV. The only other sample among the 314 which was

greater than any TLV occurred in 1976. It was a total particulate sample
with greater than 1% quartz. This sample was collected at Patterson

Vermiculite in Enoree, South Carolina.

3.2 Environmental Data From Exfoliation Plants, Excluding MIDAS Data

3.2.1 Data from W. R. Grace exfoliation plants, W.R. Grace Company Data

Industrial hygiene personal samples collected annually by W.R. Grace
industrial hygienists from 1975 to 1987 at W. R. Grace exfoliation facilities

show a dramatic decrease in fiber levels over time (Tables 7 & 8). In 1975 the
e 3

mean TWA for fiber exposure due to Libby ore was 2.84 fibers/cc. By 1978, the

mean TWA had dropped to 0.62 fibers/cc. In 1987 the mean level was 0.03

fibers/cc. When Libby and South Carolina exposure data are combined, the
———

decrease is still dramatic. In 1975 the mean level was 2.55 fibers/cc; by 1978

it was down to 0.57 fibers/cc; by 1987 it was down to 0.022 fibers/cc.

These decreases in exposure levels at exfoliation plant a result of

better engineering controls at the mill in Libby, and at each individual

exfoliation plant.

3.2.2 Environmental data for Non-Grace exfoliation plants

A total of 147 environmental samples from 12 different exfoliation plants
have been summarized (Table 9-12). All of these were collected between 1974
and 1985 by OSHA, the appropriate State occupational health agency, or by the
company. One hundred three (103) of these samples are personal samples while

44 are area, engineering, bulk, or grab samples. Of the 55 industrial hygiene





samples whose sampling interval was at least4 hours, 45 or 82% had TWA' s from
0 to 0.10 fibers/cc (Table 10). A distribution of TWA's for samples which had
ne reported sampling interval but the accompanying text indicated that the
samples were intended to represent full shift samples is included (Table g).
Of the 15 samples in this category, 4 (27%) were greater than 2 fibers/cc.
These samples were collected in 1974 and 1975. Their TWA's are 2:.4; 33, 9.7,

and 10.4 fibers/cc.

There were 33 personal samples with sample intervals of less than 4 hours (240
minutes . Nineteen (19) of these were between 0 and 0.10 fibers/cc (Table

10) .Six were greater than 2 fibers/cc.

None of the 14 bulk samples analyzed in this data set had more than 2% fibers
(Table 11). As a matter of fact, half of the samples had no detectable fibers

in them and 4 had less than 1%.

Finally, 30 engineering or area samples were collected. Twenty-eight (93%) had
between O and 0.5 fibers/cc (Table 12). The other 2 samples had between 1 and

4 fibers/cc each.





4.0 CONCLUSION

The evidence that the tremolite in the Libby, Montana vermiculite ore caused
respiratory infirmities at 0. M. Scott in Ohio and the Zonolite Mine and Mill
in Montana is compelling. Since that was determined, exposures to the
tremolite in the Libby ore have been reduced at the mine

and mill and at the W. R. Grace exfoliation plant that use it by the
implementation of appropriate controls. Yet, it is important to remember that
the tremolite fibers have been shown to remain in the exfoliated product.
Continued surveillance of populations exposed to products made from Libby

vermiculite ore seems prudent.

/FOne important result of the O. M. Scott industrial hygiene and epidemiology
studies was that vermiculite deposits were examined for the presence of
fibers. The South Carolina, Virginia, South African ores were all judged to be
virtually fiber free by various investigators. Samples from all 3 deposits

were found to contain cleavage fragments of various amphiboles, with very few

L fibers.

Finally, the identification of trace contaminants in mined materials can be
difficult and may appear to be useless. Yet it appears that knowing the
minerals in an ore body could help prevent unnecessary exposures. Currently
NIOSH is conducting the National Occupational Health Survey of Mining (NOHSM)
in an attempt to characterize potential exposures in the domestic mining
industry. Data from this survey from the analysis of settled dust samples and
from the compilation of the answers from the geologic questions in the

facility questionnaire could prove useful in identifying trace contaminants.





TABLE 1

DOMESTIC VERMICULITE FACILITIES WHICH HAVE MINES AND/OR MILLS *?

COMPANY FACILITY NAME MSHA ID No. of EMPLOYEES
Carolina Vermiculite Brown #2 Mine 38-00596 17
Woodruff, scC mine & mill
Enoree Minerals Co. Summer #1 Mine 38-00623 6

Laurens, SC

W. R. Grace Zonolite Mine 24-00165 74
Libby, MT mine & mill
Moody Products Co. Moody Mine & Mill 38-00593 4

Traveller's Rest, SC

VA Vermiculite, Ltd. Richard Samson Mine 44-05101 27
Louisa, VA & Mill

'No exfoliation plants at these facilities
‘Data correct as of August, 1988

TABLE 2

DOMESTIC VERMICULITE FACILITIES WHICH HAVE MINES AND/OR MILLS AND
EXFOLIATION PLANTS?

COMPANY FACILITY NAME MSHA ID No. of EMPLOYEES
W. R. Grace Kearney, Mill 38-00085 87
Enoree, SC

Patterson Vermiculite Co. 38-00086 16
Enoree, SC

‘Data correct as of August, 1988.





TABLE 3
DOMESTIC EXFOLIATION PLANTS!

COMPANY SOURCE OF VERMICULITE USE No. OF EMPLOYEES
WHICH IS EXFOLIATED

Cherokee Products Virginia Horticulture 8
Jefferson City, TN

Filter Media South African Insulation 10
Houston, TX Paint texturizing
W.R. Grace South Carolina 1000

(29 plants, in 24 states) Montana

Intermountain ProductsSouth Carolina Fireproofing 9
Salt Lake City, UT Montana? Masonry fill

Soil additive

Concrete aggregate

Koos, Inc. South Africa Lawn & garden 4
Kenosha, WI Virginia Horticulture

Swimming pool base

Lt. wgt. aggregate

PVP Montana Insulation 6
N. Bloomsburg, OH Virginia Horticulture

soil conditioner

Unexpanded

concentrates
Robinson Insulation Montana Fireproofing 2
Great Falls, MT Soil conditioner
The Schundler Co. South Africa Horticulture 20
Metuchen, NJ Swimming pool base

Block construction

Hazardous waste
absorption

Attic insulation

0. M. Scott South Africa Fertilizer carrier g0’
Marysville, OH Virginia Turf builder

Solico Montana Horticulture 5
Albuquerque, NM South Carolina Insulation

Masonry fill
Concrete aggregate
Fireproofing

Strong-Lite Products Corp. South Africa,50%Horticulture 10
Pine Bluff, AR South Carolina,50% Concrete aggregate





COMPANY

SOURCE OF VERMICULITE

WHICH IS EXFOLIATED

Therm-0-Rock IndustriesVirginia

Chandler, AZ
New Eagle, PA

Verlite

Tampa, FL

Vermiculite Ltd.
Pennsauken, NJ

South Carolina
Virginia
South Africa

South Africa
Virginia

‘Data correct as of August, 1988
*Previously exfoliated by Robinson Insulation.
Not all in the exfoliation circuit.

USE No. OF EMPLOYEES
Lawn fertilizer 6
Exothermics
Swimming pool base
Horticulture

Insulating sprays in
coal mines

Horticulture 15
Insulation

Aggregate

Fertilizer carrier

Chemical waste 4
absorption

Soil conditioner

Lt.wgt. aggregate

Refractories

TABLE 4

COMPANIES THAT USE OR DISTRIBUTE EXFOLIATED VERMICULITE1l

COMPANY
A-Tops Corp.

Beaver Falls, PA

Abcotek, Inc.
Flushing, NY

Cleveland Builder's
Supply
Cleveland, OH

Inland Refractories
Cleveland, OH

Micacraft Products
Co., Ine.
Newark, NJ

SOURCE OF VERMICULITE
South Africa

Schundler

PVP

A-Tops
Thermal Materials

South Africa

bagged product only

USE No. OF EMPLOYEES
Horticulture 8
Masonry fill
Attic insulation
Animal feed carrier
Swimming pool base
Concrete aggregate

Swimming pool base <
Insulation

Insulation 4
Insulation 1
Insulation 2
Roofing

Horticulture

0il absorption
Packing





COMPANY SOURCE OF VERMICULITE USE No.

OF EMPLOYEES

Pacemaker Plastics, Inc. A-Tops Attic & masonry 2
Dover, OH South Africa £111
bagged product only
warehouse only
Reardon Industries W.R. Grace Masonry fill L
OH
Sacramento Stucco W.R. Grace Waste absorption 2
West Sacramento, CA Concrete aggregate
bagged product only Plaster aggregate
warehouse only
Thermal Materials Co.South Africa Insulation 2
Linden, New Jersey Horticulture

bagged product only
warehouse only

'Data correct as of August, 1988.





TABLE 5

NUMBER AND TYPES OF PERSONAL SAMPLES COLLECTED DURING MSHA

INSPECTIONS,
TYPE OF PERSONAL SAMPLE TOT '75

Asbestos Fibers, < 223 15

5 micrometers in length

Nuisance dust, respirable53 2
7

fraction less than IX quartz
Respirable quartz 15
0

Total Particulate, less thanl4
0

Ix quartz

Nuisance dust, total 4
0

total particulate

less than 1% quartz

Respirable dust 4
0
Total dust 1
0
GRAND TOTAL 314
2
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23
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25
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27
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0 0
2 2
0 0
2 0
0 0
2 1
0 0
4 8

1 Data from the Bureau of Mines Mine Inspection Data Analysis System (MIDAS).





TABLE 6

NUMBER OF DUST SAMPLES COLLECTED BY MSHA AT VERMICULITE FACILITIES
FROM 1975 to 1987

FACILITY NAME
MSHA FACILITY ID LOCATION No. OF SAMPLES COLLECTED
W.R. Grace Zonolite Mine Libby, MT 206
2400165

W.R. Grace Kearney Kill Enoree, SC 48
3800085

Patterson Vermiculite Co. Enoree, SC 29
3800086

W.R. Grace Spartanburg sC 12
County Mines
3800251

Virginia Vermiculite Co. Louisa, VA 7
4405101

W.R. Grace Lauren SC 5
County Mines
3800259

W.R. Grace New Orleans New Orleans, LA 2
Exfoliation Plant
1600949

Allied Block Chemical New Eagle, PA 2
3607089

Moody Product's Co. Traveller's Rest, SC 2
3800593

W.R. Grace Oklahoma CityOklahoma City, OK 1
Exfoliation Plant
3401215

'Data from the Bureau of Mines Mine Inspection Data Analysis System (MIDAS).





TABLE 7

YEARLY SAMPLING SUMMARY, W. R. GRACE EXFOLIATION PLANTS'
1981 TO 1987

YEAR ORE TYPE # PLANTS # OF TwA MEAN TwWA STD DEV RANGE( f/cc

1987 Libby 20 67 0.030 «023 -003-.105
sC 9 27 0.004 .003 Q0L -.015
TOTAL 29 94 0.022 .023 +00X-.105

1986 Libby 19 100 0.045 .046 .003-.281
sc 10 23 0.015 015 .005-.042
TOTAL 29 123 0,039 .043 .003-.281

1985 Libby 21 60 0.072 09 .007-.352
sC 8 b 1. 0.012 .008 +003= . 025
TOTAL 29 75 0.060 L0775 .003-.352

1584 Libby 16 42 0.032 .041 +002-,176
SC 1 3 0.007 .006 .002-.005
TOTAL E72 45 0.030 .040 002~ .1786

1983 Libby <l 45 0.080 .080 .010-.350
sC 5 o 0.026 .036 .006-.120
TOTAL 26 54 0.070 .070 .006~-.350

1982 Libby 21 51 0.100 .090 NA
sC 8 17 0.040 .020 NA
TOTAL 29 68 0.090 .090 NA

1981 Libby NA NA 0.200 NA NA
e NA NA' NA NA NA
TOTAL 29 88 0.160 210 NA

'Data collected and summarized by W. R Grace.

‘Exfoliation sites were prioritized for sampling. All were not sampled in the
year.

NA= No data for these points.





TABLE 8

SUMMARY MEAN TWA'S (fibers/cc), W. R. GRACE EXFOLIATION PLANTS
1975 TO 1987

YEAR LIBBY ORE TWA SC ORE TWA TOTAL TWA
1915 2.84 NA 2.55
1976 s NA 1.49
1977 127 NA 107
1978 0.62 NA 057
19789 0.46 NA 0.42
1980 0.20 NA 0.18
1981 0.20 NA 0.16
1982 0.10 0.04 0.09
1983 0.08 0.03 0.07
1984 0.03 0.0 0.03
1985 0.07 0.01 0.06
1986 0.05 0.02 0.04
1987 0.03 0.04 0.02

'Data collected and summarized by W. R Grace.
NA = No data for these points.
TABLE 9
DISTRIBUTION OF FIBER TWA'S FOR
NON-W. R. GRACE VERMICULITE EXFOLIATION PLANT EMPLOYEES1
1974 to 1985

TWA' S IN RANGE

RANGE OF TWA'S WITH SAMPLE TIME TWA'S IN RANGE WITH

IN FIBERS/CC GREATER THAN 4 HOURS NO SAMPLE TIME GIVEN
0 18 0
0 - 0.10 27 ; i 3.
0.11 - 0.25 6 1
0.26 - 0.50 0. 4
0.51 - 0.75 i 1
0.76 - 1.00 2 Y 1
1.01 ~ 2.00 1 1
2.01 - 4.00 0 g
4.01 - 8.00 0 1®
8.00 - UP 0 i

! Data from various sources including OSHA compliance inspection data, State
Occupational Health Agency data, and company data.

4 fibers/cc TWA, data from 1974

3 fibers/cc TWA, data from 1974

7 and 10.4 fibers/cc, data from 1974

-
Eoy
2





TABLE 10

DISTRIBUTION OF ACTINOLITE-TREMOLITE TWA'S (fibers/cc) FOR PERSONAL SAMPLES
WITH SAMPLE TIMES LESS THAN FOUR HOURS (240 MINUTES)®

RANGE OF TWA'S

IN FIBERS/CC TWA'S IN RANGE RANGE OF SAMPLE TIMES
0 8 13=218
0 = BX0 £ 81-219
0.11 = 8.25 2 15-234
0,26 =~ 450 1 120
Q5% = .75 5 21
0.76 - 1.00 3 68-174
1.01 = 3.00 1 51
2.01 - 4.00 2 45-113
4.01 - 8.00 2 68- 71
8.00 - UP 2 3= 80

'Data from various sources including OSHA compliance inspection data, State
Occupational Health Agency data, and company data.
TABLE 11

RANGE OF PERCENT ACTINOLITE-TREMOLITE IN VERMICULITE EXFOLIATION PLANT
BULK (GRAB) SAMPLES, 1974 TO 1985!

PERCENT TREMOLITE™ # OF SAMPLES
0 7

less than 1% 4

1-2% 2

greater than 0

'Data from various sources including OSHA compliance inspection data, State
Occupational Health Agency data, and company data.

TABLE 12

RANGE OF CONCENTRATIONS OF ACTINOLITE-TREMOLITE IN VERMICULITE EXFOLIATION
PLANT ENGINEERING (AREA) SAMPLES, 1974 to 1985%

CONCENTRATION RANGE

IN FIBERS/CC # OF SAMPLES
0-0.50 28
g.51=0.99 0
1.00-1.98 1
2.00-3.9% 1
4.00- UP 0

'Data from various sources including OSHA compliance inspection data, State
Occupational Health Agency data, and company data.
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PREFACE

This health assessment on vermiculite was prepared for the Office of Health and
Enw:onmental Assessment to serve as a source document for EPA use. In the development
of the assessmmt document the smenuﬁc literature has been inventoried, key studies have
been evaluated, and summary:'oonclusmns have been prepared so that the chemical’s toxicity ©

and related characteristics are qualitatively identified. Observed effect levels and other

i 13{11 ﬁ; j:f q;:g{-l};ures of dose-response relationships are discussed, where appropriate, 5o that the nature
of the adverse health responses is placed in perspective with observed environmental levels.
The relevant literature for this document has been reviewed through early 1991.

Any information regarding sources, emissions, ambient air concentrations, and public
exposure has been included only to give the reader a preliminary indication of the potential
prgs&lce of this substance in the ambient air. While the available information is presented as

accurately as possible, it is acknowledged to be limited and dependent in many instances oni
assumption rather than specific data. This information is not intended, and, therefore, should
not be used, as an exposure assessment by which to estimate risk to public health.
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1. SUMMARY

Concern surrounding the adverse health effects of asbestos on the general population
snmulatedmnercstmthcpotentml health effects of other related minerals and manmade _
fibers. One of these is venmcumc, a nonfibrous silicate mineral with multiple consumer uses
that has been shown to contain various concentrations of asbestiform fibers. - The health
effects of vermiculite are discussed in this docume.nt. |

Vermiculite (CAS No. 1318-00-9) is a micaceous hydrate of magnesium—iron—
aluminum silicates. Vem:ucuhte crystals are composed of two silicate laym oonnected by a

- hydrous layer. The chcnucal oompom!mn of vermiculite is
(Mg, Fe,AD)5(ALSi)40,0(0H),*4H,0. It is unique among minerals in its ability to exfoliate
or expand up to 20 times its ongmal sme at high temperatures. It has hlgh-mtlon-exclmnge ;
capacity and a very low thermal conducnmty About 275,000 metric tons were produced in
the Um_ted States in 1988. Most of the vermiculite mined and beneficiated is exfoliated and
used in construction aggregates, insulation, and agricultural applications. | ,

It has been estimated that approximately 802 X 10° kg of vermiculite were released into

the air, 89,900 X 10° kg were released into water, and 2.490 X 10° kg were released as

~ solid waste in 1979 based on a production volume of 1 million tons (1.2 X 10° kg).
Exposure to vermiculite occurs mainly via the inhalation route; mgestmn and dermal
absorption are not significant routes of exposure. However, exposui'e to asbestos in the
occupational environment or from ambient air near point sources is of concern. Prior to
1973, occupational exposures to asbestos ﬁbers ranged from 0 .049 ﬁberslcm to
1.511 fibera;lcms for an 8-h, hme-welghted average (TWA) for workers i ina veruucuhte-
processing company. Miners’ exposure to tremolite from a vermiculite mine in Montana.
ranged from the highest dust concentrations of 101.5 to 124.9 fibers/cm® prior to 1970 to a
Tow of 22.1 to 27.1 fibers/cm® after 1970. At a mining and milling operation in Montana,
prior to 1964, exposure estimates for various jobs ranged from 13 to 182 fibers/cm®,
Exposure estimates decreased greatly and were <1.0 fiber/cm? in most areas from 1977 to
1982. Baséd on samples taken by the company in 1984, the average 8-h TWA exposure was
0.1 ﬁbmrcm3 The National Occupatlonal Hazard Survey (1976) reports that 104,456
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workers were potentially exposed to vermiculite from 1972 to 1974 , Whereas the National
Occupational Exposure Survey (1984) eslzmated that 4,293 workers, mcludmg 365 females,
were exposed to vermlcuhte in 1980.

Nonoocupatonal exposure to vermiculite i is high. In 1979, approxxmawly 13 million
persons were estlmated to have been exposed to vermiculite near exfoliation plants in the
United States. In addmon, about 106 million persons were exposed to consumer pmducts
containing vermiculite.

Ambient levels of asbestos fibers in the vicinity of vermiculite mines and mills have
been reported to range from 0.5 fibers/cm? (4.5 km from a mine) to 0.02 fibers/cm® (50 m"
from a miine). ' | _

Vermiculite is not ‘expected to undergo chemical transformation when released into the
environment. Analytical procedures used to identify vermiculite are the membrane filter,

. analysis of amples by polarized light microscopy with dispersion staining, phase-contrast
~ light microscopy, scanning electron microscopy using energy dispersive x-ray analyms and-
transmission electron microscopy, optical microscopy, and x-ray diffraction.

No information is available on the retention, biodisposition, or clearance of vemucuhte
I following oral administration or inhalation exposure. However, several studies of miners and
millers suggest that vermiculite may be inhaled, deposited, and retained in the lungs. No
information was found on the acute, subchronic, or chronic toxicity of vermiculite. Female
Sprague-Dawley rats injected intrapleurally with 25 nig- of vermiculite developed granulomas
in the lungs and viscera. However, no tumors were observed after 104 weeks. Genotoxicity
and cytotoxicity studies were not found in the available literature. Similarly, teratogenicity
and reproductive effects studies were not found. . |

An association between previous vermiculite exposure and parenchymal and pleural
/ radiographic abnormalities has been found in three cross-sectionial morbidity studies of miners
and millers. Although these changes did not correlate with pulmonary function tests, they did
correlate with age and ﬁber-ycars Howéver, the vermiculite contained fibrous tremolite~
actinolite. A historical prospecuve monahty study of one of the mining and milling facilities
indicated a significant twofold excess in mortality for lung cancer and nonmalignant
respiratory disease (NMRD), especially in the highest exposure category and among those
casesmthalatencypenodofgreaterthanorequaltomyears :
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Similar results were observed in another historical prospective mortality study of the
same mine and mill. It was concluded that the workers in this facility had a serious hazard
from lung cancer, pneumoconiosis, and mesothelioma. However, the presence of tremolite—
acnnohteasbestosprecludesooncludmg thatthmlsadlrectre]ahonshpretwemexposureto
vermiculite and lung cancer or NMRD ' :

Consequmtly, the weight of evidence from data for human health effects and animal
tonmtyumadequatctochamctmzetbewcmogemcpotmhalofvmaﬂne. Similarly,
human health effects and animial toxicity data are inadequate to characterize noncarcinogenic
effects associated with vermiculite exposure. :

However, the weight of evidence for asbesms-oomnnunated vermiculite is sufﬁclent to
show a causal mlahmshlpformcrmsedlungeanwmminmandnnllﬂs






of releases during exfol.iaﬁon, JRB (1932 as cited in Dixon et al., 1985) assumed that dust-
control. eqmpment was 98% efficient. Releases dunng transport are negligible, whereas the
largest release is during dr.rect application of vermiculite, as a component of agricultural
products such as fertilizers and soil conditioners, to soil. '

2.4 EXPOSURE _ _
Exposure to vermiculite occurs mainly via inhalation; ingestion and dermal absorption
 are insignificant routes of exposure, Wastewater from vermiculite mining, milling, and
exfoliation is generally sent to setiling ponds and the supernatant is recycled, thus no
discharge of asbestos-laden vermiculite to the environment is expected. Because of this,
ingestion via this route either as a potable water source or through entry into the food cham is
not expected to be significant. Dermal contact would notbeexpectedtommﬂtmexpomm
~ since the fibers would probably not penetrate intact shn surfaces. Exposure to asbestos- or
asbestiform fiber-contaminated vermiculite occurs in the occupational environment or from
ambient air near point sources and is conseguently of concern.
Several studies have been conducted to determine occupational exposure to vermiculite,
(1984 sessed the respiratory status of workers exposcd to tremolite-
_ mm}m E nﬁ]‘%ﬁ“{ hio processing company. A total of 512 employeea
participated in the study. Exposure estimates were divided into low, medium, and high
exposure departments. The low exposure department consisted of the chemical process,
research and front office areas; the medium exposure department consisted of the central
maintenance, paclmgmg, and warehouse areas; and the high exposure department consisted of
. the expanding, maintenance, and plant areas. Due to tremolite contamination, optical fiber
* counts of tremohlae were performed. Particles with a length greater than 5 gm, a diameter
less than 3 ﬂm, and an aspect rauo.of 3:1 or greater were counted as fibers. Prior to 1973,

exposuresweregeneranyhighel' In Group I (low), the 8-h, TWAexposmewaseshma'tedat'

0.049 fibers/cm®. The Group 2 (medium) TWA exposure estimates ranged from 0. 110 to
0.415 fibers/cm®, whereas the Group 3 (high) TWA exposure estimates ranged from 1.264 to
1,511 fibers/cm®. In 1974, improved environmental controls were implemented and the
TWA exposure estimates decreased in Groups 2 and 3. Group 2 estimates ranged from 0.031
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to 0.131 fibers/cm®, whereas those for Group 3 ranged from 0.212 to 0.375 fibers/cm®. The
workams mthmghestmrbomeﬁberexposumwemthcvmcuhteexpanda'smandthe
' vermiculite railroad car and truck unloading areas.

. Miners’ expomretovmcuhtemaMonlanannnewasstudmdbyMcDonaldetal
(1986) Concernforthehealthofthemmstemmedfromthefaetﬂmtheorebodyn
contaminated with fibrous amphibole deposits in the tremolite series. Tremohhe exposures
wmmeasumdbystn.ndaldopucalnncrosoopy Duetotlwshontermpa-somlsamples,the"'
authors stated that the exposure estimates probably reflect ambient conwnuaﬁms rather than
TWA exposures. The highest dust concentrations (101.5 to 124.9 fibers/cm?) occurred in the
drym:l]pnnrto1970 'I'heomomtrahonsthendwppedngmﬁmnﬂymlw
27.1 ﬁbcrsfcm#i"xﬁa the msta]]ahon of a major piece of ventilation equipment. For the
period 1960 through 1970 exposure estimates in the mine pit, skip boot, river stauon,
haululg andteshngamswm23w125 2.0 to 68.8, 4.7 t0 12.0, 54!30240 and 1.0 to
2.9 fibers/cm?, respectively. IMMMMM
ranged from 0.2 to 1.5 fibers/cm?.

Exposure to tremolite —actinolite—contaminated vermiculite at a mining and milling -
opaanon in Libby, MT, was studied by Amandus et al. (1987a) The site was divided into
25 location-operations, and sampling information from the penod before 1950 through 1982

'}W{{,Jéz P 1Excﬁo ecﬁedapdnnalyzod Fibers counted were >5 um in length and >0.45 pm in width.

¥ gﬁtﬂ L&‘ the' g1es test exposure came from dry mill jobs, and estimates for working

areas, swecperi ckipping, and the quality control laboratory were 168, 182, 88, and |
13 fibers/cm’, respectively. From 1964 to 1977, exposure estimates decreased greatly. For
the same operations, they were 33, 36, 17, and 3 fibers/cm®, respectively. Prior to 1971,
exposure estimates for mining JObS including drilling and nondrilling operations were 9 to
23 and <2 ﬁbers.’cm , Tespectively. At the river loading station, exposure estimates pnor to
1971 for ore loading at the river office, the conveyor tunnel, the river dock, and the river
station bin area ranged from 5 to 82, 10 to 11, 112 to 113, 5 to 117, and 20 to
21- fibers/cm’, respectively. -Exposure estimates for all operaticms decreased annually ﬁ'orh
1972 to 1976 and leveled off in 1982. Exposures in most areas during 1977 thmugh 1932
were < 1.0 fibers/cm® and ranged from 0.6 to 1.0 fibers/cm® in the mill. Estimates for an y
.S-h TWA fiber exposure from 1981 through 1982 ranged from 0.6 to 0.8 fibers/cm® for mine
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and mﬂl jobs. However, based on samples taken by the company in 1984, the- avmage TWA
exposure was 0.1 ﬁberslcm s

Due to the presence of asbestos as a- contaminant in vermiculite, Dixon et al. (1985)
conducted a study to determine airborne concentrations of asbestos in processing plants,
Sampling was conducted in 1980 at the W.R. Grace mine and milling facility near Libby,
MT, from October 21 through October 26, and at both the Grace and Patterson mine and
processing facilities near Enoree, SC, from November 3 through November 6. Both air
samples and bulk samples were collected at each location. The sampling methods employed
attempted to capture particles during various stages of production. The possibility existed
that during exfoliation asbestos fibers trapped between vermiculite plates could be released;
therefore, samples were analyzed as they were received using an exfoliation process that
allowed the samples to retain the asbestos to determine if additional fibers were shed.
Laboratory analysis suggested that a higher quantity of asbestiform fibers existed in smaller-
size grades of vermiculite than in larger-size grades. Muiuple grades of bulk samples, which
- were mined from the Grace facility at Libby and observed under transmission electron.
microscopy (TEM), consisted of the amphibole group minerals anthophyliite and actinolite-
tremolite and contained a range of 1 to 1,800 X 10° fibers/kg. Corresponding concentration
ranges were from 1 to 41,000 ppm (Dixon et al., 1985). Exposure to asbestos was higher in
miners and millers of vermiculite than in exfoliaters (Table 2-1). ' .
~ The National Institute for Occupational Safety and Health has conducted two workplace
exposure sMew The National Occupational Hazard Sliwey (NOHS), conducted from 1972
t0; 1974, esnmated the number of workers potentially exposed to chemical agents in the
workplaoe in 1970 (NOHS 1976). These estimates were derived from observations of the
actual useoftheagmt the use of trade name products known to contain the agent, and the
use of generic producta suspected of containing the agent. NOHS estimated that 104,456
people were potentially exposed to vermiculite: 4% were exposed to the actual product, 21%.
were exposed to trade name products, and 75% ‘were cxposed to generic products suspectad :
of containing vermiculite. ' -

The National Occupational Exposure Survey (NOES), conducted from 1980 to 1983
estimated the number of workers potentially exposed to chemical agents in the workplace in _
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" "TABLE 2-1. OCCUPATIONAL EXPOSURE TO AIRBORNE CONCENTRATIONS
"~ OF ASBESTOS IN VERMICULITE PROCESSING PLANTS

Asbestos Fiber
Population ol (fibers/cm’) ; Comments
Miners and millers of vermiculite ) _
Grace mine and mill at Libby : 0.03 ' Pyost loales; i -
: . : <0.01 ' Pit haul driver, mine
1.7 _ Mine analyst, mine
0.8 Bottom operator, mill
6.4 ; : No. 2 operator, mill
0.11 - Operator mine
- 0.15 ~ Shuttle truck between
_ plants _
Grace mine at Enoree ; 0.15 " Truck driver
<0.01 Dragline operator
Grace mine at Enores . 0.03 Mill monitor
- 0.14 . Mill lab technician
Exfoliators of vermiculite
Grace fucility at Enores ' . 0.08 "~ Bagger (Grade 4)
' : . : 0.08 : Bagger (Grade 3)
Patterson facility (beneficiation; ©0.02 Payload operator
exfoliation at.Enoree) i 0.16 Plant foreman
' ' 0.05 ; Bagger/forklift operator

*Concentrations are an average of values determined ‘by two mdependmt lzborttonu Ontario Research
Foundation and OT Research Institute. _

Source: Dixon et al. (1985).

1980 (NOES, 1984). Unlike NOHS the NOES estimates were based only on observations
by the surveyor of the actual use of the agent. The NOES estimated that 4, 293 workers,
including 365 females, were potenually exposed to vermiculite in the workplace in 1980.
Consumers can potenually be exposed to vermiculite due to its vanous uses; however, _
no data are available to estimate vermiculite levels, Table 2-2 lists the ranges of asbestos:
concentrations to which consumers may be e.xposed as a result of asbestos—contammated

vermiculite use.
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2.5 AMBIENTIEVELS

There was limited information on the ambient levels of vermiculite. Ambient levels of
fibers (vermiculite contaminated with asbestos) in the vicinity of mines and mills were
reported by MRI (1982, as cited in Dixon et l., 1985). A maximum of 0.5 fibers/cm® was
reoordedmLibbyabouMShndownmndﬁ'omthcmme,OOSﬁbcrsfcm was recorded at
the W.R. Grace mine in Enoree, 0.05 fibers/cm® was reported 100 m downwind of the mill,
and 0.02 fibers/cm’ was reported within 50 m of the Patterson site in Enoree.

2.6 ENVIRONMENTAL FATE _

Vermiculite is a naturally-occurring clay mineral, formed through weathering of primary
aluminosilicate minerals such as biotite, feldspar, and hornblende. In the envu'onmem, Bl
eventually decomposes into simpler clay minerals. In general, a clay crystal lattice is
comprised of sheets of silica tetrahedra or alumina octahedra. This sheet struchire results in
ncgauvely charged particles with extremely high surface areas (750-800 m 2/g for vermiculite)
that have an affinity for water and cations. :

Vermiculite’s crystal unit is comprised of an octahedral layer sandwiched between two
tetrahedral layers. Magnesium may substitute for some aluminum in the octahedral layers,
aluminum replaces much of the silicon in the tetrahedral layers, and water molecules hold
crystals together. When other water molecules are attracted to the spaces between crystals
the lattice expands somewhat, The magnesium-aluminum and aluminum-silicon subsumnons
also leave vermiculite with a very high net negative charge, so it has the hlghestcahan |
exchange capacity (CEC) of any clay—about 150 milliequivalents (meq) per 100 g of material
(othu' clays range from about 15 to 100 meq!lOO g) (Brady, 1984). This high CEC gives
vermiculite the ab:.hty to adsorb a variety of cations (‘mcludmg plant nutnents) and some
organic oompounds : -

Thus, while vermiculite is not in its:.lf highly reacﬁve, its high surface area and sorptwe
capacity strongly. influence the behavior of other materials in soil. The only important
physxoochemlca] factors mﬂuencmg the transport of vermiculite are deus:ty and particle size
and shape(l)uonetal 1985) Becausevermxcuhwoccmm nature in thesmallestsoil '
paruclesxzeﬁactxon (IessthanOOO.‘meJ, 1t1svayeas:1y Uansportﬁdbymndand water,





33 EFFECTS ON HUMANS ,

Tlus chapter presents a critical review and analysis of the carcinogenic and
noncarcinogenic effects in humans followmg exposure to vermiculite. Cross—sectlonal
studies, clinical evaluations, and case Teports are discussed, followed by reviews of
retrospective and historical prospechve studws '

3.3.1 Cross-Sectional Studies, Clinical Evaluations, and Case Reports g
Results of three studxesmd:catedanassocxaoonbetwowpastﬁberexposureand
parmchymal and pleural radiographic abnormalities but no correlation with pulmonary
function tests. The effect of smoking and the presence of tremolite— actmohtc fibers
confounded the findings of increased p]eural isease, ;
In a review of nonasbestos fibrous matonﬂg &e;s(hlégf}'&qncluded that vermiculite
itself did not produce adverse health effects, but noted that vermiculite ore may contain
asbestos fibers. In a later study by Lockey et al. (1984), workers exposed to vermiculite
contaminated with fibrous tremolite were examined. A total of 530 employees in a plant
processing vermiculite ore to its expanded form were studied. Industrial hygiene sampling of
airborne fibers was initiated in 1972, 15 years after the plant had begun usmg vermiculite,
Particles with a length >5 ym, a diameter <3 pm, and an aspect ratio of 3:1 or greater
were counted as fibers. A high-exposure group was identified and compared with the
chemical processing facility where exposure was low. The highest cumulative fiber exposure
~ for an employee was 39 fibers/cm> year only 9.6% had an exposure greater than
10 fibers/cm® -year, and 10.7% had been employed 20 years or more since initial exposure.
A cluster of 12 cases of pleural effusions was identified in the high-exposure group of
194 workers. Radiographic chaogos correlated with exposure when age-matched groups and
. groups with comparable smoking habits were compared. The prevalence of pleuritic changes .
was significantly related to fiber exposure, but no correlation was found bctwem fiber
Lexposurc and various pulmonary funcoon tests,
McDonald et al. (1986) obtained chest rad:lographs from three groups of workers’ from a
vermiculite mine in Montana, The first group consisted of 164 men and women employed by

the company on July 1, 1983, The second group consisted of 80 men who had been hired
before]anuary 1, 1963, and had been employed foratleastoneyear ‘I‘heﬂun:lg:mnp
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“comprised 47 men without known exposure to dust who were not selected or matched with
the mine workers but were used only to control the reading process. A logistic regression
analysis showed that there was an effect of cumulative exposure, age, and smoking on the
prevalence of small opacities (p sO 02). Pleural thickening on the chest wall was affected by .
age and cumulative exposure (P <0.02) but not by smoking. There were several potential
problems in this study. Pust exposure estimates were approximate, particularly for those

" employed before 1972. Second, the radiographic techmques and radiographic readings were
major sources of variation. Third, the sample size was small. At present exposure levels,
which were reported to average 0.1 fibers/cm? , O excess OLrad_lq]gumLchange_wn.demted
aﬁaraworhnghfeowam The authors suggested that by retirement age, the increase

. in prevalence of small parenchymal opacities (21/10) was between 5 and 10% per

100 ﬁbq-sfcm eyears,

Amandus et al. (1987b) conducted a cross-sectional morbidity study of 191 men
employed for at least five years between 1975 and 1982 at a vermiculite ore mine and mill -
near L:bby, MT Radiographic examinations had been administered by a local hospital to all
active workers in 1959 and annually since 1964. Questionnaires on smoking habits and
Tespiratory symptoms had been administered by the company to most active workers
employed after 1975. Chest radiographs were available for 184 workers, and questionnaires
about smoking and reépiratory symptoms were available for 121 workers. Radiographic.
findings were independently interpreted by three readers blinded to other data. The
radiographic readings mdlcated that the prevalence of small opacities was 10%, any pleural
change was 15%, pleural calcification was 4%, and pleural thickening on the wall was 13%.
Fiber exposure, as measured by fiber-years, was significantly related to small opacities, any
pleural change, and pleural thickening on the wall (@ <0.05). The prevalence of small
opacities was related to age and fiber-years but not significantly related to smoking. The
confounding effect of smoking could not be accurately assessed, however, due to the small
number of nonsmokers (25 ow:ra]l)

Hessel and Sluis-Cremer (1989) studied 172 workers mining and processing South
African vemncnhte, which appears to contain some asbestos but at a low level by comparison
with that in Libby, MT. The cohort of all black workers underwent x-ray examination and
lung function testing and completed a respiratory symptom questionnaire. The vermiculite
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workers were compared Mthotherworkersmvo!ved in themmmgorreﬁnmgofooppa
Only two of the vermiculite workers showed ewndence of small opacities of 1/0 or more
(according to the ILO 1980 classxﬁcanon), lung functlon was comparable with the other
groups of workers, and there was no excess of resplmtory symptoms among the vermiculite
workers. The authors concluded that workers exposed to vcrnucphte that is minimally -
contaminated with asbestos are probably not at risk for pneumoebmoms. lung function
impairment, or I'CS]JIIBIDI}V symptoms The study suffers from limitations: (1) Dust exposure
data are very slmtchy, G)amomhtystudywouldbexmpmucalduetothehmﬁeddeaﬂ:
registration for rural blacks, and (3) thesamplemwssmaﬂenoughthatmﬂylargeeffects
of vermiculite exposure would have beeri detected. As such, the ﬁndmgs from- tlns study
cannot exclude the nslt of mesothelioma caused by amphibole contamination of the
vermiculite.

3.3.2 Retrospective, Prospective, and Historical Prospective Studies

Amandus and Wheeler (1987) conducted a historical prospective mortality study of
575 men hued prior to 1970 and employed at least one year at the vermiculite ore mine and
mill near Libby, MT. Vital status was ascertained for 569 of the 575 cohort menibers (99%)
as of December 31, 1981. Death certificates were obtained for all but two of the decedents
(1.2%) and coded according to the 8th Revision of the ICD. Expected deaths were calculated

| from the U.S. white male death rates. Individual cumulative fiber exposure estimates (fiber-

years) for the cohort were oomputed for 25 'lomhon—operauons (LOs) for the years after
1968 by using an arithmetic average of fiber concentrations (fibers per omtlmcw cubed) and

~ for the years before 1968 by using an arithmetic mean of dust concentrations (mppcf)

Vermiculite ore was found to be contammated with fibrous n-emohte achnohte (Amandus
et al., 1987a). _
The rcsults of the mortality analysls indicated a significantly increased nsk of momlity

for lung cancer (20 observed, 9.0 expected, standardized mortality ratio (SMR) = 223.2,

p <0.01) and NMRD (20 observed, 8.2 expected, SMR = 243.0, p <0.05). An analysis -
by exposure, measured as ﬁbcr—yca:s'(f—y), showed a signiﬁcanf increase in mortality Ii'n the
highest exposure category (> 399 f-y) for both lung cancer (10 observed 1 .7 expected,

SMR = 575.5, p <0.01) and NMRD (7 observed, 1. Sexpected SMR = 400.7, p <0.01). ‘
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‘size and insufficient power to detect lung cancer and

Mortality from NMRD was also significantly elevated in the lowest exposure category
(<150 f-y) (8 observed, 3.6 expected, SMR = 220.0, p <0.05).. Mortality from lung
cancer and NMRD was further evaluated by f-y and years of latency. No clear pattern

. emerged with respect to latency for lung cancer, although the significant increases occurred in

the highest f-y exposure category (>399) at <10 years latency (2 observed, 0.2 expected,
SMR = 1,370.2, p <0.05) and 320 years latency (7. observed, 1.0 expected, SMR = 671.3,
P <0.01). No exposure-response association was found for NMRD; significant effects
occurred after 10 to 19ya.rsoflatmcyfm 100 to 399 f-y (3 observed, 0.6 expected,

SMR = 459.9, p <0.05).and >399 f-y (4 observed, 0.5 expected, SMR = 774.5,

p <0.01). At >20 years, only the lowest exposure category (<50 f-y) was significant

(7 observed, 2.1 expected, SMR = 327.8, p <0.05). '%fre was insufficient power to detect _
significant increases in risk at other exposure and latency, pi i " 1' il /3Tn addition to small cohort
among the whole cohort, a
confounding variable in this study was the effect of smolung The proportion of current and

former smokers among 161 vermiculite workers was found to be 15.5% Ingher than that

amongUS white males in 1975, -
McDonald et al. (1986) conducted an indepcndent historical prospective mortality study
of the same vermiculite ore mine and mill studied by Amandus and Wheeler (198'7) and

: _obtamed similar results. The cohort consisted of 406 men hired prior to 1963 who were

employed for at least one year. Compamd_ to the cohort studied by Amandus and Wheeler
(1987), this study had a smaller cohort (406 vs. 575 men), whose members were hired earlier
(1963 vs. 1970), and a longer followup (July 1, 1983 vs. December 31, 1981) In both
studms cohort members were employed at least one year and death certificates were coded

by the same nosologist. In addition to U.S. white male death rates, McDonald et al. (1986)

used Montana males as a further comparison for deaths from respiratory cancer. By the end
of the followup period, July 1, 1983, 226 (55.7%) of the 406 workers were alive;

165 (40.6%) had died; and 15 (3.7%) were lost to followup. Death certificates were
obtained for all but two (98.7%) of the decedents. - Prior to 1965, investigators assumed
mean dust concentrations of 101.5 fibers/cm®, Between 1970 and 1974, mean dust
concentrauons measured through personal and area sampling were found to be

22,11 bem/cm The current mean dust concentration is 0.1 ﬁbem/cm
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Compared to U.S. white males, the cohort expenwced excess mortality from all causes
(165 observed, 141 Oexpected SMR = 117, p <O0. 05), respiratory cancer (23 observed,
9.39 expected, SMR = 245, p <0.001), NMRD (21 observed, 8.24 expected, SMR = 255,

p <0.001), and accidents (SMR = 214, p <0 .005). Compared to Montana males, who had
lower expected deaths from respiratory cancer than U.S. white males, the SMR for
respiratory cancer was slightly higher (303). Four deaths were from malignant

In addition, McDonald et al. (1986) conducted a nested case-control analysis of
exposure-response of 23 respiratory cancer deaths. Controls for each respiratory cancer case
were selected from men who survived beyond the age of death of the case and who worked
within three years of the case. For each control, exposure accrued until the age of death of
the matching case. This nested case-control analysis resulted in a statistically significant
linear relationship between relative risk for respiratory cancer and cumulative exposure, and
was most pronounced 20 or more years after first employment (chi square = 7 04,

p <0.01). -

The investigators concluded that the cohort was small but was sufficient to show ﬂm
workersmﬂlennmngfacilltycxpenmoedasemushazardfmmlgg cancer, '
pneumoconiosis, and mesotheliomas. They attributed those diseases to tremolite
contamination of vermiculite ore and the dusty . oondmons prior to 1974, As in the study of
Amandus and Wheeler (1987), the presence of tremolite prevents any conclusions as to the
role of vermiculite in causing lung cancer, _ ‘

‘McDonald et al. (1988) studied a small cohort of 194 men with low exposure to fibrous
tremolite (mean 0.75 f/mley) in the mining and milling of vermiculite in the Enoree region of
South Carolina. The cohort experienced 51 deaths, 15 years or more from first employment.
The SMR (all causes) was 117, reflecting excess deaths from circulatory disease. There were
four deaths from lung cancer and 3.31 expected (SMR 121, 95% CI 0.33 to 3.09). Three of
the four deaths were in the lowest exposure category (<1 f/mley); no deaths were attributed
to mesothelioma or pneumoconiosis.. A radlographlc survey of 86 current and recent South
Carolina employees found four w:th small parenchymal opacities (> 1/0) and seven mﬂl
pleural ﬂuckenmg These proporhons were not higher than in a nonexposed group.






Exammahon of sputum from 76 current employees showed that on]y two specimens contained
typical ferrugmous bodies, confirming low cumulative ﬁber exposure.

The American 'I‘horacac Society (ATS, Wclll et al., 1990) discusses the health effects of |
tremolite and reviews the studies of vermiculite health effects. The ATS notes that the South
Carolina study does not add information because a detectible i increase in lung cancer risk |

~would not have been expected because of the low exposure levels and the small size of the
cohort. They additionally state that the observation for the Montana cohort of a dose-
response relationship for lung cancer risk is important evidence of tremolite asbestos as a
carcinogen in vermiculite mining, but note that, because this is based on only one cohort and
because no other data on other relatively large populations of vermiculite miners are,
available, appropriate caution in interpreting nonreplicated epidemiological study results is -
warranted., '

" In regards to tremolite asbestos, the ATS (Weill et al., 1990) concludes the following
after a review of other tremolite studies beyond those of contaminated vermiculite.

1. Unquestioned health effects of tremolite asbestos have been demonstrated in

bdth humans and animals. These effects are identical to those produced by
other forms of asbestos. '

‘2. There may be important phys:cochenueal distinctions between asbestosform and
non-asbestosform tremolite dust particles. However, there appears to be :
considerable controversy in applymg these mineralogic definitions to specific
samples of minerals, particularly individual parficles viewed microscopically after

: collection by air sampling or found in human Jungs or when used éxperimentally.

"3, At present, the prudent public health policy course is to regard appropriately sized
tremolite "fibers”, in sufficient exposure dose (concentration and duration), as '
capable of producing the recognized asbestos-related diseases, and they should be
regulated acmrdingly : : _

In summary, after exammmg the above studies and reviews, the weight of evidence for -
a causal relationship betwetm exposure to vermiculite and lung cancer or NMRD is -
inadequate because vermiculite ore was found to be contaminated with asbestos. However,
there is suf{icicnt evidence for asbestos-contaminated vermiculite,
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